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The number of revision total knee arthroplasty procedures performed annually is increasing and, sub-
sequently, so is the number of patients presenting following a failed revision. Rerevising a total knee
arthroplasty after one or more failed revision procedures presents many challenges, including dimin-
ished bone stock for prosthetic ﬁxation. “Off the shelf” implants may not offer the best alternative for
reconstruction. We present the case of a 55-year-old patient who required a rerevision total knee
arthroplasty following multiple failed revisions with severe femoral and tibia bone loss. We describe a
novel technique we employed to improve component ﬁxation within the compromised bone stock.
© 2016 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).Introduction
As the population ages and the use of total knee arthroplasty
(TKA) in younger patients expands, we can expect the number of
revision TKAs to increase [1]. Unfortunately, revision procedures
have a higher rate of failure, and many of these patients present
unique challenges for reconstruction of the failed knee arthro-
plasty, mainly due to compromised bone stock [1,2]. Options to
manage compromised bone stock in these cases include bulk al-
lografts, impaction grafting, metallic augmentation, and porous
metal cones/sleeves; however, there are situations in which these
described techniques do not provide the best alternative for
component ﬁxation.closed potential or pertinent
ent, either direct or indirect,
the biomedical ﬁeld which
rest with this work. For full
6/j.artd.2016.08.003.
., Weston, FL 33331, USA.
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c-nd/4.0/).
ara, et al., Revision total kne
(2016), http://dx.doi.org/10We report the case of a 55-year-old patient who required a
rerevision TKA with severely compromised left distal femoral and
proximal tibial bone stock following four prior arthroplasty pro-
cedures and who suffered a diaphyseal periprosthetic tibia fracture
while awaiting revision. To address both issues; we developed a
custom tantalum cone for the femur reconstruction and used a
custom tibial stem with distal interlocking locking screws and a
standard trabecular metal cone for management of proximal tibia
bone deﬁciency and the unexpected periprosthetic fracture.Case history
A 55-year-old female with a history of left primary TKA (1986)
and 3 revision TKAs for arthroﬁbrosis and periprosthetic infection
(1993, 2007, and 2011) presented to our facility for consultation
with progressive activity-related left knee and thigh pain. The pa-
tient rated her pain as a 10/10 and stated that it severely interfered
with her activities of daily living.
On physical examination, her knee showed a midline scar
consistent with previous surgeries. The range of motion was
restricted and painful from 0to 90. Her hip and ankle examination
was unremarkable.ciation of Hip and Knee Surgeons. This is an open access article under the CC BY-NC-
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C.A. McNamara et al. / Arthroplasty Today xxx (2016) 1e52Plain ﬁlm radiographs taken at her initial visit (Fig. 1) revealed a
hinged distal femoral replacement with long cemented tibial and
femoral stems. There was evidence of continuous radiolucencies in
the cement-bone interface in the femur and tibia consistent with
loosening, as well as Anderson Orthopaedic Research Institute type
III femoral and tibial bone loss. There was posterolateal migration of
the long tibial stem tip with impending fracture.
Serology was within normal limits, including a C-reactive pro-
tein (1.7 mg/L; range 0.0-4.9 mg/L) and erythrocyte sedimentation
rate (8mm/h; range 0-40mm/h). An arthrocentesis showed awhite
blood cell count of less than 2000/mL and no microorganism
growth for 14 days.
Due to the amount of bone loss and failure of the prior cemented
revisions, surgical options were limited on the femoral side. Op-
tions considered included total femoral arthroplasty and femoral
impaction grafting. Total femoral arthroplasty has been provenFigure 1. (a) Preoperative anteroposterior femur radiograph. (b) Preoperative anteroposter
tibia radiograph.
Please cite this article in press as: C.A. McNamara, et al., Revision total kne
multiple failed revisions, Arthroplasty Today (2016), http://dx.doi.org/10successful in patients who have failed previous total knee revisions
and have insufﬁcient bone stock for prosthesis implantation [3].
However, total femoral replacement can lead to suboptimal func-
tional outcomes, diminished implant survivorship, and increased
morbidity [3,4]. Although impaction grafting has been proven
successful in restoring adequate bone stock before revision TKA
[5,6], it is technically demandingwith reported high implant failure
rate [5,7]. In addition, we have minimal experience with this highly
technical procedure.
Therefore, we entertained the creation of a custom tantalum
cone as an alternative that would provide an adequate cementation
surface in the already compromised patulous femur. The concept
was to obtain bone ingrowth between the femur and cone and
cement a femoral stem supporting a distal femoral replacement
into the porousmetal. This concept has been successful with readily
available implants in revision TKAs [2,8].ior tibia radiograph. (c) Preoperative lateral femur radiograph. (d) Preoperative lateral
e arthroplasty using a custom tantalum implant in a patient following
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Figure 2. (a) Preoperative (post fall) anteroposterior tibia radiograph. (b) Preoperative (post fall) lateral tibia radiograph.
C.A. McNamara et al. / Arthroplasty Today xxx (2016) 1e5 3In coordination with industry engineers, a surgical plan was
developed following a lower extremity computed tomography
(CT) scan. The custom tantalum cone was designed using the
parameters measured on the CT scan. The outer diameter (38
mm) of the trabecular metal cone was designed to obtain scratch
ﬁt into the femoral canal and the inner diameter (22.5 mm) to
allow for a predetermined 15-mm diameter stem passage and
ﬁxation with an appropriate cement mantle. The length of the
trabecular metal cone provided over 7.5 cm of scratch ﬁt forFigure 3. Photograph of custom tantalum cone.
Figure 4. Intraoperative photograph of distal femur after removal of prior implant.
Figure 5. Custom tantalum cone inserted.
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Figure 6. (a) Postoperative anteroposterior knee radiograph. (b) Postoperative anteroposterior femur radiograph. (c) Postoperative anteroposterior tibia radiograph.
C.A. McNamara et al. / Arthroplasty Today xxx (2016) 1e54potential bone ingrowth and improved surface area for cemen-
tation of a 15 mm  190 mm stem. Furthermore, the cone was
designed with a geometry to facilitate bone preparation and
implantation with a standard size B ZMR (Zimmer) proximal
body reamer.
During the design process, the patient sustained a fall for which
she requested further evaluation due to increased pain. Plain ﬁlm
radiographs (Fig. 2) revealed an acute Felix and Associates type IIB
[9] periprosthetic diaphyseal tibia fracture with posterior cortical
penetration of the tibial stem. The surgical plan and radiology
workup were adjusted to include a CT-based design of a custom
tibial stem that would bypass the tibial fracture and allow for distal
interlocking screws. The designed stemwould distribute load away
from the deﬁcient proximal bone and facilitate fracture healing by
stabilizing the bone to axial, rotational, and torsional forces. InFigure 7. Two-year postoperative anteroposterior knee radiograph.
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designed to have an appropriate length to bypass the fracture as
well as proper diameter and distal interlocking screw options for
fracture stabilization.
The patient underwent revision TKA according to preoperative
plan (Figs. 3-5). An “off the shelf” tantalum cone was utilized in the
proximal tibia to manage the deﬁcient bone. Excellent stability of
each component was achieved following impaction. Intraoperative
ﬂuoroscopy and postoperative radiographs conﬁrmed adequate
cement mantle and alignment (Fig. 6).
Postoperatively, the patient was made toe-touch weight bearing
for 6 weeks, mainly to protect the tibia fracture. The patient suc-
cessfully completed physical therapy and was subsequently able to
return to her activities of daily living. At her 2-year follow-up, the
patient was reporting no pain, and her physical examination
revealed a painless range of motion of her left knee from 0to 100.
Images taken at this follow-up demonstrated well-aligned and
well-ﬁxed components with tibial fracture union and no signs of
loosening (Fig. 7).Discussion
Rerevision TKAs are complex procedures, fraught with obstacles
including compromised femoral and tibial bone stock. Common
techniques to address these patients include impaction grafting,
bulk allograft, metal augments, and more recently, porous metal
cones. In our patient's case, her previous failed cemented revisions
and signiﬁcant bone loss, compounded by a tibial shaft fracture,
required a unique approach.
A custom trabecular metal cone was designed to address the
femoral bone deﬁciency and provide support for a femoral
component to be cemented. Metaphyseal cones have previously
been employed in revision TKAs to achieve good initial ﬁxation,
improve rotational stability, and bear a portion of the axial load
[10]. Radiographic studies also conﬁrm that cones can achieve
osteointegration in both the short term andmidterm [10-12]. These
cones can provide an adequate surface for cement interdigitation
while obtaining osseous integration with potential long-term sur-
vivorship. In our case, standard “off the shelf” cones would have not
provided a reliable option to manage the femoral side, hence, the
development of the custom implant. The case was further
complicated by the periprosthetic diaphyseal tibia fracture whiche arthroplasty using a custom tantalum implant in a patient following
.1016/j.artd.2016.08.003
C.A. McNamara et al. / Arthroplasty Today xxx (2016) 1e5 5required a tibial stem with interlocking distal screws for rotational
stability.
Chalkin and Minter [13] reported a case in which a custom
trabecular metal sleeve was used during salvage total hip
arthroplasty for a patient with segmental bone loss [13]. An
added challenge to their case was the need for soft-tissue reat-
tachment via ingrowth into this implant [13]. Satisfactory clinical
results were recorded at the 2-year follow-up, and adequate
osteointegration was noted on postoperative radiographic eval-
uations [13]. The 2-year follow-up radiograph did show unex-
pected distal femur bone resorption surrounding the tantalum
implant (Fig. 7). Despite tantalum being isoelastic with bone
which would minimize stress shielding; the size of the implant,
rigidity of the cement construct along with the previously
compromised cortices could have contributed to this phenome-
non and continues to be monitored.Summary
Rerevision TKAs present unique challenges including severely
compromised bone stock and fractures. Although most can be
handled with readily available implants, some unique cases can
beneﬁt from custom implants that can simplify surgery and
potentially improve survivorship. This particular case highlights
the importance and value of proper surgical planning.Please cite this article in press as: C.A. McNamara, et al., Revision total kne
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